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Methods and patients: This prospective study included 20 patients who were clinically suspected of
having impacted permanent maxillary canines. They were 10 males and 10 females with mean age of
23.3 years. They were exposed to plain radiographs and referred for further evaluation using multi-
detector dental CT scanner. The panoramic and paraxial images were obtained. Then reformatted
images were done in different planes. Imaging data were analyzed for localization and complication
of impacted maxillary canine. Distances and angles measurements were made. MDCT ﬁndings were
compared with intra-operative data of 24 impacted canines.
Results: A total of 28 impacted maxillary canines were studied in 20 patients. Twelve patients pre-
sented with a unilateral impacted canines and 8 with bilateral impactions. The localization of the
root apex was 3 (10.7%) labial, 6 (21.4%) palatal, and 19 (67.9%) mid alveolus. The average of
the angulations of the impacted maxillary canines to the mid sagittal plane was 39.64. Root resorp-
tion was detected in 16 cases.
Conclusion: MD dental CT provides more reliable and accurate information for the intraosseous
location, inclination, and morphology of impacted maxillary canine.
 2012 Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by Elsevier B.V.
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Impaction is deﬁned as a failure of tooth eruption at its appro-
priate site in the dental arch, within its normal period of
growth. Impacted maxillary canines are the most frequently
impacted teeth after the third molars, with a prevalence rang-
ing from approximately 1–3% (1,2).
The panoramic radiograph cannot be used as the sole
radiograph in the reliable localization of impacted maxillary
canines; it can be used only as an adjunct to other established
methods (3).Production and hosting by Elsevier B.V.
07.002
Table 1 Localization of the root apex of the impacted
maxillary canine labio-palatally: periapical radiography versus
MDCT.
Peri-apical MDCT
Cannot be detected
Count 16 0
% within group 57.1%
Palatally
Count 9 6
% within group 32.1% 21.4%
Labially
Count 0 3
% within group 10.7%
In the mid of the alveolus
Count 3 19
% within group 10.8% 67.9%
Total
Count 28 28
% within group 100% 100%
Chi-square value = 31.236 P< 0.001.
There is high signiﬁcant difference as (P< 0.001).
528 E. Abdel-Salam et al.Several authors have used computed tomography (CT) par-
ticularly spiral CT for localization of the impactions and for
evaluation of resorption of incisors, due to the excellent tissue
contrast and precise three dimensional images afforded by this
technique (4,5).
The purpose of this study was to evaluate and quantify the
variations of location and inclination of impacted maxillary
canines and to determine the root resorption of related incisors
by using MD dental CT.
2. Patients and methods
The study was approved by the Institutional Research Ethics
Review Committee and informed consent was obtained from
all subjects. This prospective study included 20 patients who
were clinically suspected of having unilateral or bilateral im-
pacted permanent maxillary canines. They included 10 males
and 10 females with mean age of 23.3 years. They were referred
for further examination to outpatient clinic. All patients were
exposed to periapical radiograph, panorama and maxillary
occlusal X-ray. Final diagnosis was conﬁrmed by multi-detec-
tor dental CT. MDCT ﬁndings were compared with intra-
operative data of 24 impacted canines.
2.1. Pre-operative examination
Pre-operative examination included detailedmedical and dental
histories, including family history about any trend to impacted
maxillary canines. Clinical examination was carried out to
examine soft and hard tissues both labially and palatally to ﬁnd
out any of the signs that may be indicative of canine impaction.
2.2. Multi-detector dental computed tomography (MD dental
CT):
2.2.1. Technique
All patients were referred for further evaluation using multi-
detector CT scanner (SOMATOM Emotion6, Siemens, Ger-
many). Prior to imaging, the patient was informed about the
investigation and instructed not to move or swallow during
scanning. The patients were in supine position with the cervical
spine slightly overextended backward. The head was strapped
to the head rest and positioned as symmetrically as possible.
First, a lateral scout view (topogram) was taken and used
for planning the axial images. Axial images were taken parallel
to the occlusal plane of the maxilla. The protocol was 45 mA,
110 kV, 1.25 mm slice thickness, 180 mm ﬁeld of view (FOV),
512 · 512 matrix, 0.8 pitch and 0.8 s rotation time.
2.2.2. Reconstruction
All images were prospectively reconstructed at 0.6 mm, using
high-resolution bone ﬁlter (70 s sharp). The reconstructed
transverse images were transferred to a workstation, and mul-
ti-planar reconstructions were generated using the included
standard dental software package. The axial image that
showed the curve of jaw was chosen and the cursor was depos-
ited on the center of the jaw at approximately eight locations
along its curve. The panoramic and paraxial images were ob-
tained perpendicular to the transverse images. Then multi-pla-
nar reformation (MPR), maximum intensity projection (MIP)
and shaded surface display (SSD) were done in differentplanes. Measurements were made on these views (distances
and angles).
2.2.3. Image interpretation (analysis)
For assessment of location, reference lines were created that
consisted of a horizontal occlusal plane line and a vertical line
bisecting the midline of the jaw. The angles measured were the
angles formed by the line bisecting the long axis of the im-
pacted tooth and the reference line.
This study focused on the following:
1. The labio-palatal position of the root and crown of the
impacted canine. This was graded as labially, palatally
or in the mid of the alveolus.
2. Canine angulation to the midline. A midline was con-
structed and a second line was drawn through the
canine root apex and canine tip (6). The angle between
the two lines gave the impacted canine angulation to the
midline that was grouped as:- Grade 1: 0 to <16
- Grade 2: 16–30
- Grade 3: >30
3. Lateral shift of the cusp tip in relation to mid sagittal
plane/cm.
4. Lateral shift of the root apex in relation to mid sagittal
plane/cm.
5. Vertical position of the cusp tip in relation to the occlu-
sal plane/cm.
6. Presence or absence of root resorption of the related
incisors.
7. Relation of the impacted maxillary canine to a vital
structure:
- The approximation of the impacted maxillary canine
to the nasal ﬂoor or to the maxillary sinus was eval-
uated and recorded as either:
Table 2 Localization of the root apex of the impacted
maxillary canine labio-palatally: occlusal radiography versus
MDCT.
Occlusal MDCT
Cannot be detected
Count 4 0
% Within group 14.3%
Palatally
Count 20 6
% Within group 71.4% 21.4%
Labially
Count 1 3
% Within group 3.6% 10.7%
In the mid of the alveolus
Count 3 19
% Within group 10.7% 67.9%
Total
Count 28 28
% Within group 100% 100%
Chi-square value = 24.175 P< 0.001.
There is high signiﬁcant difference as (P< 0.001).
Fig. 1 A 24-year old male patient complains of failure of eruption of
the canine can be misdiagnosed as being palatally impacted. (b) Axial
(c) Paraxial images of MDCT conﬁrms the diagnosis of the impactio
resorption of the adjacent lateral incisor is revealed by MDCT, but co
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 Approximation to the nasal ﬂoor.
 Approximation to both, the maxillary sinus and the nasal
ﬂoor.
 Approximation to none of them.3. Data analysis
Data were collected and analyzed by using Microsoft Ofﬁce
Excel 2007 program and SPSS program (statistical Package
of Social Science version 10).
The qualitative data were scored and analyzed by using chi-
square test to evaluate the difference between conventional
radiography and multi-detector CT (P is signiﬁcant if less than
or equal to 0.05 at conﬁdence interval 95%).
4. Results
A total of 28 impacted maxillary canines were studied in 20 pa-
tients. This group included 10 males (50%) and 10 femalesmaxillary left permanent anterior teeth. (a) Maxillary occlusal ﬁlm;
MDCT scan shows the impacted canine in the mid of the alveolus.
n of the canine in the mid of the alveolus. Moreover, severe root
uld not be detected by conventional radiography.
Fig. 2 A 18-year old male patient complains of poor esthetic appearance because of failure of eruption of maxillary left permanent
anterior teeth. (a) Panoramic radiograph reveals the maxillary left permanent incisors and canine to be impacted. However, unable to
demonstrate the location and relationship of the impacted teeth to each other and to the nasal cavity and the maxillary sinus. (b) Axial
MDCT scan shows contact between the impacted central incisor and the impacted canine. (c) Axial MDCT scan shows the crown of the
impacted maxillary canine and central incisor perforating the labial bone. (d) Panoramic images of MDCT shows vertical and horizontal
measurements in millimeters were made for precise localization. (e) Paraxial images of MDCT shows the elevation of the ﬂoor of the
maxillary sinus and the dilaceration of the apical third of the root.
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Fig. 3 A 24-year old male patient complains about bad esthetic. (a) Panoramic radiograph revealed the presence of impacted maxillary
right permanent lateral incisor and canine with associated multiple odontomes; however, they were unable to deﬁnitively determine the
relationships of teeth and surrounding structures in 3D space. (b & c) Axial MDCT scan reveals the horizontally impacted maxillary right
canine in the mid of the alveolus associated with odontomes (circled). (d) Paraxial image of MDCT shows impacted maxillary right
permanent canine (circled) and lateral incisor associated by odontomes (arrows). (e & f) Panoramic images of MDCT scan shows impacted
maxillary right permanent canine (circled) and lateral incisor associated by odontomes (arrows). Precise measurements of the angulation of
the impacted maxillary right permanent canine to the midline and the vertical distance to the occlusal plane could be calculated. (g) SSD
image of MDCT shows impacted maxillary right permanent canine and lateral incisor associated by odontomes (circled).
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sented with unilateral impacted canines and 8 with bilateralimpactions. Among the 12 unilateral impacted canines, 5 were
on the right and 7 were on the left side.
Table 5 Panoramic radiography versus MDCT in detecting
root resorption of neighboring teeth.
Panorama MDCT
No root resorption
Count 23 12
% Within group 82.1% 42.9%
Detected root resorption
Count 5 16
% Within group 17.9% 57.1%
Total
Count 28 28
% Within group 100% 100%
Chi-square value = 9.219 P= 0.002.
There is signiﬁcant difference as (P< 0.05).
532 E. Abdel-Salam et al.Radiological localization of the root apex of the impacted
canines is shown in Tables 1 and 2 and (Figs. 2 and 3). There
was high signiﬁcant difference as (P< 0.001) in localization of
root apex using MDCT comparing with periapical and occlu-
sal radiograph. Table 3 showed localization of the crown with
no signiﬁcant difference as (P> 0.05).
One case involved impacted central and lateral incisors at
the same side of the impacted canine. Another involved im-
pacted lateral incisor and multiple odontomes near the im-
pacted canine (Fig. 3).
This study shows great variation in angular and linear mea-
surements in maxillary canine impaction (Table 4). The aver-
age of the angulations of the impacted maxillary canines to
the mid sagittal plane was 39.64 and the average of the verti-
cal distance of the cusp tip in relation to the occlusal plane was
2 cm. Lateral shifts of the cusp tips and root apices in relation
to mid sagittal plane showed averages of 0.7 cm and 1.9 cm
respectively.Table 3 Localization of the crown of the impacted maxillary
canine labio-palatally: occlusal radiography versus MDCT.
Occlusal MDCT
Cannot be detected
Count 1 0
% Within group 3.6%
Palatally
Count 22 16
% Within group 78.6% 57.1%
Labially
Count 1 2
% Within group 3.6% 7.1%
In the mid of the alveolus
Count 4 10
% Within group 14.3% 35.7%
Total
Count 28 28
% Within group 100% 100%
Chi square value = 4.852 P= 0.183.
There is no signiﬁcant difference as (P> 0.05).
Table 4 Panoramic radiography versus MDCT in detecting
impacted maxillary canine angulations to the midline.
Panorama MDCT
Grade I
Count 4 2
% Within group 14.2% 7.2%
Grade II
Count 5 6
% Within group 17.9% 21.4%
Grade III
Count 19 20
% Within group 67.9% 71.4%
Total
Count 28 28
% Within group 100% 100%
Grade I: 0 to <16, Grade II: 16–30, Grade III: >30.
Chi-square value = 0.783 P= 0.676.
There is no signiﬁcant difference as (P> 0.05).Root resorption of neighboring teeth is shown in Table 5
and Fig. 1, where the panorama recorded only ﬁve cases.
However, MDCT showed 16 cases of root resorption of the
neighboring teeth. This resulted in statistically signiﬁcant dif-
ference between the panorama and the MDCT as (P< 0.05).
The approximation of the impacted maxillary canine to the
nasal ﬂoor was detected in 10 impacted canines and to the
maxillary sinus was detected in 8 impacted canines. Approxi-
mation to both maxillary sinus and nasal ﬂoor was detected
in 7 impacted canines. Approximation to none of them was de-
tected in 3 impacted canines.
4.1. Comparing intra-operative data with radiographic ﬁndings
Table 6 showed the radiographic labio-palatal localization of
the impacted maxillary canines compared with intra-operative
ﬁndings of the 24 impacted canines that were surgically man-
aged. In the 24 cases, dental MDCT images agreed with in-
tra-operative ﬁndings. In 17 cases both the periapical and
occlusal radiograph ﬁndings were in accord with intra-opera-
tive ﬁndings. In 3 cases, periapical radiographs did not agree
with intra-operative ﬁndings while, the occlusal radiograph
did not agree with the intra-operative ﬁndings in 6 cases.
The labio-palatal localization of the cusp tip could not be de-
tected in 4 cases by the periapical radiography and in one case
by the occlusal radiography. As a result, there was a statisti-
cally signiﬁcant difference as (P< 0.05).
5. Discussion
Impaction is a pathological condition deﬁned by the failure of
eruption of a tooth in the oral cavity within the time and phys-
iological limits of the normal eruption process based on clini-
cal and radiological examination (7). According to literature
data, the incidence of maxillary canine impaction ranges be-
tween 1% and 3% of the population (8).
Early diagnosis and intervention could save the time, ex-
pense, and more complex treatment in the permanent denti-
tion. Today, clinicians are beginning to appreciate the
advantages that the third dimension gives to clinical diagnosis
and treatment planning (9,10).
In planning the treatment of such teeth, their precise local-
ization and accurate assessment of their positioning in relation
to adjacent anatomical structures as well as to the roots of
Table 6 Radiographic labio-palatal localization of the impacted maxillary canines compared with intra-operative ﬁndings.
Agreement with
operative ﬁndings
Disagreement with
operative ﬁndings
Cannot be detected by
the radiograph
Total
MDCT
Count 24 0 0 24
% Within group 100% 100%
Periapical radiograph
Count 17 3 4 24
% Within group 70.8% 12.5% 16.7% 100%
Occlusal radiograph
Count 17 6 1 24
% Within group 70.8% 25% 4.2% 100%
Chi-square value = 12.9 P= 0.011.
There is a signiﬁcant difference as (P< 0.05).
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root resorption, it is extremely important to detect any abnor-
mal contact between impacted teeth and the roots of adjacent
teeth early enough (11).
With the rapid development of computed tomography (CT)
technology, a new imaging technique multi-slice spiral CT is
being used in clinical practice. The development of multi-slice
spiral CT scanning combined with 3-dimensional (3D) render-
ing techniques produces high-quality 3D CT images that can
be useful for diagnosis and treatment planning of impacted ca-
nines (12–16).
Most of the impacted maxillary canines lay within the ver-
tical root length of the adjacent incisor with only 2.3% lying
higher than this in Stivaros study results and 3.6% recorded
by conventional panoramic radiography in the present study
(6). MDCT showed none of the cases above the vertical length
of the adjacent incisor. The slight difference between the re-
sults of the present study and Stivaros study may be attributed
to the individual variations, difference in sample size (the pres-
ent study sample included 28 cases while Stivaros sample in-
cluded 44) and the age of the selected individuals; in the
present study there was no exclusion of any age group and
the mean age was 23.4 years unlike Stivaros study sample
which included individuals of age 616 years.
Since an impacted tooth is always located at a higher posi-
tion than the occlusal plane, dental radiographs often fail to
reveal the whole image of an impacted tooth (17). This coin-
cides with the results of our study as the root apices of 16 teeth
(57.1%) of our study sample could not be detected in the per-
iapical X-ray and 4 cases (14.3%) could not be detected in the
occlusal radiograph. MDCT was superior to the conventional
radiographs as it could localize the root apices in all patients
and detect their relation to the maxillary sinus and the nasal
cavity. Moreover, by MDCT distances and angles in relation
to adjacent structures could be measured in millimeters and de-
grees with very high accuracy. Also, the root morphology and
presence of any root dilacerations could be precisely detected
by MDCT.
In our study, the buccolingual positions of the crowns of
the impacted canines were 7.1% labial, 57.1% palatal, and
35.7% mid alveolus, however Liu et al. recorded 45.2% labial,
40.5% palatal and 14.3% mid alveolus (18). The difference
from our study may be due to different population samples
or race variations.So this study showed that palatally maxillary canine impac-
tions are more common than buccal impactions; this agrees
with previous reports (19,1). We took into account mid alveo-
lus impactions of the canine. Fox et al. also included mid alve-
olus canine impactions in their 1995 study (20), similarly to
Nagpal et al. in 2009 (3).
Generally, the canine angulation tended to be greater than
16 (Grade III). MDCT and panoramic radiograph scored
grade III as 71.4% and 67.9% respectively. These were compa-
rable to the 65.9% obtained by Stivaros in his study. It is
worth mentioning that the canine angulation to the mid line
inﬂuences the treatment decision as a more horizontally posi-
tioned canine is considered more difﬁcult to orthodontically
align (6).
Incisor resorption is present in 27.2% of lateral and 23.4%
of central incisors, and most of the resorptions occurred where
the canine was in close contact with the incisors (18). Previous
studies have characterized the difﬁculties in diagnosing exter-
nal root resorption with conventional radiography especially
mild and moderate root resorption on the palatal surfaces
(21–26). This coincides with our study. In this study, the num-
ber of the diagnosed lateral root resorption by the trans-axial
view of MDCT (57.1%) is three times that diagnosed by the
conventional panoramic radiography (17.9%) which revealed
statistically signiﬁcant difference (P= 0.002) between the
two radiographs in detecting the root resorption of the adja-
cent incisors. This agrees with Ericson et al. study where the
number of resorbed teeth registered doubled when CT was
used (27). This has great signiﬁcance in patient management
as the diagnosis of the impacted canine accompanied by
resorption of lateral incisor roots requires immediate separa-
tion of both teeth in order to stop resorption progression (28).
The mean speciﬁcity and sensitivity of plain radiographs
were 95% and 8%, respectively, while those of 3D dental-CT
images were 100% and 77%, respectively. There was a statis-
tically signiﬁcant (P< 0.01) difference between the depiction
capabilities of plain radiographs and 3D dental-CT images
with regard to dilacerations of roots of impacted teeth. So,
CT enables radiologists to make a quick and accurate diagno-
sis of tooth impaction (17).
The present study proved that compared with conventional
radiography, MDCT and its three-dimensional reconstruction
images provided very clear images for the intraosseous loca-
tion, inclination, and morphology of impacted teeth, as well
534 E. Abdel-Salam et al.as approximation and the relation of the impacted maxillary
canines to various anatomical structures (the maxillary sinus
and the nasal cavity) and root dilacerations which cannot be
detected by 2D conventional radiography. The angular and
linear measurements further depicted the spatial variations of
the impacted canines in 3 planes. This is in agreement with
the previous studies (1,12–18). These information are relevant
and valuable for proper treatment planning and accurate
determination of the surgical approach for the impacted max-
illary canine.
The advent of MD dental CT has been a monumental event
for improving the diagnostic options and capabilities of the
oral surgeon. Although MDCT examination exposes the pa-
tient to additional radiation and increases the cost of therapy,
these drawbacks are compensated by the beneﬁt of an accurate
diagnosis. Nevertheless, in each patient, the risk-to-beneﬁt ra-
tio should be carefully considered on an individual basis.
In conclusion; MD dental CT is a useful method for diag-
nosing the position, inclination, distance from adjacent struc-
tures, complications of impacted canines, and detection of
lateral incisors root resorption. Furthermore, this method
has a signiﬁcant impact on diagnostic and therapeutic
interventions.
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